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There are abnormal discharges of neurons when epilepsy occurs. The changes in 
transmembrane ion concentration gradients play a critical role in the development and 
continuing of pathological activities including epilepsy. As a main neural activity, 
changes in membrane potential are associated with voltage-gated and transmitter-
gated ionic currents, the intensity and direction of which depends on the 
transmembrane gradients of ion concentrations. During the neural activity, ionic 
currents across ion channels affect transmembrane ion concentration gradients, which 
in turn influence neural activity. This activity-associated changes in ion concentration 
gradients are a common and distinct phenomenon during pathological and 
physiological processes. The varied ion concentration gradients can directly affect 
ionic currents. Meanwhile, ion concentrations can also play a role in the modulation 
of channel conductance and in the activation of electrogenic ion transporters. The 
more intense the electric firing of neurons, the more the ion concentration gradients 
across the membrane will be established. In order to understand the underlying 
mechanisms of neuronal firing associated with epilepsy,we should delve into the 
mechanisms associated with ion concentrations and the interactions among 
themselves and other factors. With the help of computational simulation, we should 
be able to get a better understanding of the role of ion concentration dynamics in 
pathological and physiological states. 
Ion concentration dynamics, especially sodium and potassium dynamics, are 
critically important when neurons are firing intensely. Sodium ions and potassium 
ions are the two types of ions necessary for neurons to fire action potentials. The 
baseline of membrane potential mainly depends on potassium concentrations across 
the membrane. Normally, intracellular potassium concentration is far higher than its 
extracellular counterpart. Even small amount of outward potassium flux can cause a 
relatively large increase in the potassium gradient across the membrane. To some 
extent, the elevation of extracellular potassium and the intensity of electric firing 
enhances one another. The more potassium accumulates in the interstitial space, the 
less the potassium currents. The membrane is thus more depolarized, leading to more 
















potassium accumulates in the interstitial space, sodium-potassium pumps, glial 
potassium uptake and potassium diffusion work together to remove the interstitial 
potassium ions. The intracellular sodium concentration at rest is much lower than the 
extracellular sodium levels, so its rise can have a relatively larger influence on the 
sodium concentration gradient. A higher intracellular sodium concentration can 
reduce the depolarizing sodium flux, and activate hyperpolarizing sodium-potassium 
pumps. 
Recently, computational studies on ion concentration dynamics found that ion 
concentrations modulate neuronal electric behavior and the breakdown of ion 
homeostasis is associated with pathological neuron activities. Considering the 
importance of ion concentration dynamics to neuron membrane dynamics and their 
complex interactions, we adopted a zero-calcium hippocampal CA1 pyramidal neuron 
model and attempted to study the influence of interstitial potassium on the membrane 
potential dynamics of an individual neuron, lateral potassium diffusion on neuron 
networks, and sodium and potassium dynamics on signal detection for an individual 
neuron.  
We tackle the problem of ion concentration dynamics in neuron behavior from 
three aspects. First of all,  the study is based on a neuron model with only interstitial 
potassium variations and to look into the interactions between potassium dynamics 
and membrane potential dynamics. Second, with a locally coupled neuron network 
through gap junctions and lateral potassium diffusion, the study is to analyze the 
relationship between the potassium coupling strength and the stimulus-induced 
network oscillations. Last, the neuron model has dynamically evolving intra- and 
extracellular potassium and sodium concentrations and is stimulated by a high 
frequency driving force and a low frequency signal. With the modulation of the 
amplitude of the high frequency driving force, the coherence of the system output and 
the input signal varies and can reach obviously high levels occasionally. The sodium 
and potassium dynamics can have a great effect on this coherence.  
 




































































CA1 锥形神经元位于哺乳动物海马区 CA1 区域，在鼠海马里数量接近
250,000[8]。CA 代表 cornu Ammon，这是拉丁语，字面意思是“阿蒙的角”，
这个名字和海马体的弯曲形状有关。CA1 区域的神经元是海马体的重要的信号
输出途径，在长程记忆和空间相关任务中起重要作用。CA1 锥形神经元被认为
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